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conditions. For cast wheels this would matter probably 
very little; but in tbe making of cut gearing for fine 
meciJanism the tendency of the day is toward tbe at
tainment· of the greatest possible accuracy consistent 
with a reasonable expenditure. We have here an in
stance in which the cost of production is not increased, 
so that any improvdment in the direction above indi
cated is clear gain. Professor Willis's figures are at 
least not exact for the descrihing circles and addenda in 
connection with which they have been adopted in some 
cases; since the diameter of the former appears to affect 
most seriously the terms of the series, it would seem prob
able that his table would be more nearly correct for set of 
wheels in which the whedl of fourteen teeth has radial 
flanks; but this we have not considered it necessary to 
investigate more particularly, since what precedes enables 
us to determine to a unit the values of the terms in any pro
posed series of. cutters for epicycloidal teeth. 

CENTRIFUGAL SHIP'S PUMP. 
WE illustrate a pair of pumping engines, one of a set of 

four which have been constructed by Messrs. W. H. Allen 
& Co., of York Street Works, Lambeth, for steamers now 
b@ing constructed on the Clyde by Messrs. John Elder & Co. 
for the Java line of an Amsterdam firm. These ships are 
3,000 tons, with 2,500 indicated horse-power. As will be 
seen, the pump, which is of the centrifugal type, is placed 
betweell. two vertical engines, either of which can be put 
into gear by the coupling in a few moments. This coupling 
consists of a steel claw, sliding on two feathers on the shaft, 
being actuated by the small hand wheel; the claw portion 
of the coupling is covered with a brass shield. This coup
ling, which occupies very little room, accomplishes its work, 
and i� very neat in appearance. The engine i3 fitted with 
cylinders 9 in. diameter, and the whole of the working parts, 

LAUNCH OF THE COLOSSUS. 

'I'HE double-turret ship Colossus was launched at Ports
mouth on March 21st, from the same slipway down which, 
six years ago, the Inflexible glided into the water. The har
bor squadron was dressed in the early morning with mast-head 
and over-head flags, while the dockyard and the ship itself 
were richly and profusely decorated. The Admiralty were 
largely represented on the occasion. Sir Thomas Brassey 
and the Controller of the Navy arrived in the Enchantress 
from Pembroke early on the previous morning; and later in 
the day Lord Northbrook (the First Lord of the Admiralty) 
and Lady Emma Baring, who performed the christening 
ceremony, Captain Hopkins (pnvate secretary), Admiral 
Sir A. Cooper Key (Senior Sea Lord), and Admiral Hoskins 
(Junior Sea Lord) reached the town, the presence of the 
First Lord being announced on the morning of the launch 
by the hoisting of the Admiralty flag at the entrance of the 
dockyard and the firing of a salutc from the Duke of Wel
lington. The ship was surrounded by a number of plat
forms, to which admission was gained by tickets, those at 
the stem and bows being gayly ornamented with flags and 
evergreens. On either side of the ship there were stands 
for the bands of the Royal Marine Artillery and Light In
fantry Corps, which played alternately until the fall of the 
dogshores, when as the ship moved they united in playing 
"Rule Britannia." The crowd above and below was 
tremendous, the applications for tickets to Admiral Foley 
to view the launch being, with the exercise of the utmost 
possible economy as regards space, far beyond the amount 
of accommodation. Among the distinguished persons 
present were the present and the late First Lord, Prince 
and Princess Edward of Saxe-Weimar, the Duke of Rich
mond, Admirals Ryder, Chads, Fellows, and Lethbridge, 
Sir William and Lady Knighton, Lord FoleYl ani a large 
gathering of naval and military officers in unnorm. 

launch has ever taken place at Portsmouth, and the greatest 
credit is due to Mr. Barnaby, the constructor, and to Mr. 
Coward. the foreman, under whom the ship was built and 
launched. 

Although the load displacement of the Inflexible is as 
11,980 tons to 9,160 tons of the Colossus, the latter is the 
heaviest ship which has ever been launched at Portsmouth. 
her actual moving weight at the time of launching being 
5UO tons in excess of the launching weight of the Inflexi
ble, and within 300 tons of that of her sister ship, the Edin
burgh, which was launched at Pembroke on Saturday. 
The difference between her and the Inflexible is due to the 
fact that the Colossus is in a more finished state than the 
former ship, having' been advanced five-eighths toward com
pletion. The fore and after ends of the citadel have also been 
completely armored with sixteen-inch compressed plates, 
making a total of 1,290 tons. The prodigious weight of the 
hull necessitated special precautions being taken to enable 
the structure to su·pport its own weight after the shores had 
been removed and before it had become buoyant on enter
ing the water. Effective measures were also required to 
prevent any injury being done to the ship by sagging and 
local strains at the supremely critical moment when the stern 
becomes buoyant and lifts before the forward parts of tbe 
ship have left the ways. This temporary strengthening had 
taken pl�ce simult aneously with the progress of the monster, 
the double-bottom and decks having been effectually secured 
against collapse under pressure by a mass of diagonal and 
vertical shores. One of the most noticeable circumstances 
connected with the Colossus is the rapidity with which she 
has been constructed by Mr. Coward under the superinten
dence of Mr. R. Barnaby. The keel was laid on the 26th of 
July, 1879, and although the transition through which naval 
guns were passing from muzzle to breech loaders, and the 
necessary modifications which required to be made in the 
turret and hydraulic fittings, materially retarded the work. 
only a little more than two years and a half have intervened 
between her laying down and her launch. 

The rapid progress of the Colossus is, doubtless, due in a 
great measure to the vigorous shipbuilding policy of the 
present Admiralty. At the same time, it must be pointed 
out that the ship is built upon the lines of the Inflexible, 
and that the many disputed issues which arose during the 
construction of the latter had been pretty well thrashed out 
through the means of a somewhat bitter controversy and 
the investigations of the committee· which was subsequently 
appointed to report upon the whole subject. The air had 
been cleared, so that the Colossus was enabled to be pushed 
forward without any of tbe doubts and experiments which 
retarded the progress of the older ship. 

But while the Colossus is in nearly all respects similar to 
the Inflexible, the turrets being movable and placed on 
either side of the middle line, she combines many departures 
from her prototype. These will be easily perceived from 
the following table: 

___________ 1 INFL;.X 
__ IB_L_E_. _I ___ C_O_L_O _ _ S_S_U_S_._ 

Length between perpen-
diculars ... . . .. . . . ... _ 

Breadth, extreme .... . .  . 
Depth in hold ........ . .  
Displacement at load 

draught . .... ...... . . 
D {Forward raught of . Aft water ... . . , Mean .. . 
Indicated horse power .. 
Estimated speed in knots 
Complement of coal. ... . 
Complement of officers 

and men ... . . ....... . 
Armament: 

320 ft. 
75 ft. 

23 ft. 3Yz in. 

11,980 tons. 
24 ft. () in. 
26 ft . 6 in. 
25 ft. 6 in. 

8,000 
14 

1,200 tons 

484 

325 ft. 
68 ft. 

24 ft. 7 in. 

9,160 tons. 
25 ft. 3 in. 
26 ft. 3 in. 
25 ft. 9 in. 

6,UOO 
14 

950 tons 

395 { Four 80 ton Four 43 ton 
In turrets .. . .  . ... M. L. R. B. L. R. 

Woolwich guns. Armstrong guns. 
On superstructures ) Eight 20 pr. Four 6 in. 

'/ salutmg. B. L. R .  
Along sides .. . .... . .  , Six N orden felt. Ten N orden felt. 
In tops ......... .. Two Gatling. Two Gardner. 

Length of citadel ... . ,  110 ft. 108 ft. 
Thickness of armor: Iron Steel-faced. 

On sides of citadel.. { Outer, 12 in.. 18 in. and 14 in. 
Inner,8, 12,& 4m. None. 

On forward bulkhead { Outer, 12 in.. 16 in. and 13 in. 
Inner,8.10,&4m. None. 

On after bulkhead . . { Outer, 12 in: 16 in. and 13 in. 
Inner,6.10& 4 m. None. 

On turrets .. . . . . .  ,. J O.,9in.stee.1 f�ced 16 in. and 14 in. 
I 1., 8 and 7m.lron None. 

IMPROVED CENTRIFUGAL PUMP AND ENGINES. Weight of hull at launch-
ing . . • .  . . . •. .. . . . . . . . 3,460 tons. 

which are exceptionally strong, are made of selected steel. 
The bolts of the connecting rod and crosshead are turned down 
in the middle to the diameter of the bottom of the thread so 
as to give them more elasticity. The lubricators of these 
engines are of the most improved patterns, every joint and 
bearin� being arranged so that it can be oiled when run ning 
at full speed. In the form of pump Messrs. Allen & Co. 
make, this arrangement is easily carried out, as it dues not 
interfere with the pump, which can be got at without dis· 
turbing any part of the machinery, which cannot be done 
with side opening pumps. The pipes of the pump are 15 in. 
diameter, and this pump is capable of throwing into the 
condenser from 3,500 to 4,000 gallons per minute. or pump
ing from the bilge 1,100 tons per hour. Messrs. W. H. Allen 
& Co. are making no less than twenty different sizes of 
these pumping engines, which show that this form of pump
ing machinery is coming rapidly in favor with shipowners. 
The workmanship of these en�nes is exquisite, and the 
surfaceb are so large and so well made that the chances of a 
failure are reduced to minimum. The cost of such a set of 
pumping machinery as that which we illustrate is very 
moderate-

. 
as nothing compared to the value of a steamship. 

Let it be-,remembered that this pump will lift overboard 
with etlse, as we have said, 1,100 tons of water per hour, or 
if pressed, as much as 1,l$00 tons, and it will be seen how 
great a safeguard can be provided at a small cost. A great 
many ships founder because of leaks which admit less than 
one-half what these pumps could deal with. -The Engineer. 

IIEJ!;BERT LAWRENCE, who died recently in this city, was 
one 01' the oldest shipbuilders of this port. He became a 
member of the firm of Sneden & Lawrence, in 1816. Their 
first boat was the Bellona, Cornelius Vanderbilt, captain, 
launched in 1817. They launched the first Sound steamers, 
the President, New York, and others. 

The whole of the arrangements connected with the launch 
were admirably devised and carried out, electricity being 
very extensively called into requisition. Not only was the 
ship "set up" and the "slices" driven home in the early 
morning under the illumination provided by the electric 
light, but the electric current was used to break the bottle 
against the stem, to cause the weights to fall upon the dog
shores, to indicate the height of the tide, to announce the 
actual movement of the ship down the ways, and to put the 
musical box in operation which tinkled out the strains ·of 
, Rule Britannia," as the monster war machine backed away 
from the lady who performed the christening ceremony. The 
customary bottle of wine, which was concealed in flowers, 
was suspended on the top of a pillar of burnished gold, sur
mounted with a crown, and highly embellished with dol
phins and mouldings forming a knotted rope. Fixed to the 
pillar was a plate inscribed with an engraving of the ship 
and the name of Lady Emma, to which were fitted the elec
tric levers and buttons for letting go the bottle and causing 
weight� to fall which knock away the dogshores and relieve 
the ship. The musical instrument to which reference has 
been made was inclosed in a beautifully manufactured box of 
bird's-eye maple, having gold mouldings and inlait panels 
and was subsequently presented by Admiral Foley to Lad 
Emma Baring as a souvenir of the occasion. Twelve o'doct 
had been fixed for the launch, but as a matter of bct, the 
ship entered the water fully ten minutes before the ap. 
pointed time. As the tide was suitable and the indications 
showed that she was ready to move, the proceedings at the 
supreme moment were somewhat hurried. The service was 
read by Rev. Mr. Williams, immediately after which, at a 
signal from Mr. Owen, the chief constructor, the dogshores 
were knocked away, and the ship instantaneously, without so 
much as a perceptible pause, slid down the. ways amid the 
most tumultuous cheering and waving of hats . No better 
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Draught when launch- j 7 ft. 4 in. forward 
ed .. . .... .. . . .. .. 1 11 ft. 7 in. aft. 

Weight of armor in place 
. at time of launching .. 488 tons. 

3,956 tons. 
12 ft. 5 in. 
17 ft. 1 in. 

1,290 tons 

The principal differences between the Inflexible and the 
improved J nflexible relate to the coefficients, construction, 
armament, and armor. While the load displacement of the 
Colossus is considerably less than her prototype, she is both 
longer and deeper, though with a diminished beam. She 
will have the same speed, with 2,000 less horse power; and 
while she will carry in her turrets four forty· three ton guns, 
as compared with the eighty ton guns of the Inflexible, yet 
as the former will be breechloaders they will enable her to 
penetrate twenty-two inches of iron and nineteen inches of 
steel. As Mr. Trevellan last week remarked, the guns will 
send a chilled projectIle through anything that floats, except 
a narrow belt on the water· line of a very few ships, "which 
it is fifty to one that a shot would never hit in battle. " In 
addition to her turret guns the Colossus differs from the 
Inflexible in the fact that she will carry on her superstruc
ture four six inch' breech-loading guns-namely, two for
ward and two aft-having- a very complete and extensive 
range. Several Nordenfelt machine guns have also bepn 
arranged to fire from the superstructure and from ports .in 
the captain's eabin in any and every direction. Whereas, 
again, the Inflexible was built entirely of iron, including, 
with the exception of the turrets, the whole of her armor. 
the Colossus has been constructed throughout entirely of 
steel; and as the scantlings have been reduced in size without 
loss of strength. there has been a corresponding saving of 
dead weight. What many regard as a structural defeet-viz., 
the unarmored ends of the In flexible-has been servilely fol
lowed in the new ship. An armored deck three inches in 
thickness protects the ship below the water-line, where it is 
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not protected by the citadel, and under cover of which the 
steering gear and magazines are placed. But the French, 
while retaining this deck p�ating, have also taken the pre
caution of defending the stability of their monitors by means 
of an armored belt, the advantage of which in action is easily 
seen. The central parts of the ship are protected by Wilson's 
patent steel-faced armor of various thicknesses, the entire 
protection, however, whether on the side, citadel, or turrets, 
being of a single thickness. The total thickness of the sides 
is three feet, which is made up of a couple of strakes of teak 
backing, each eleven inches thick, and fourteen inches of 
compound armor. For eighteen inches above and the same 
depth below the water line the armor is eighteen inches 
thick, after which it tapers off to eight inches at about six 
feet below the water. Even should this enormous protec
tion, however, be pierced by shot, the engines and boilers 
would remain untouched, for between them and the wall of 
the sides are a wing passage and the coal-bunkers. Above 
the water line the citadel ends are protected by thirteen 
inches of teak and thirteen inches of armor, but at the water 
line the backing is reduced to ten inches, and the am or is 
increased to sixteen inches. A very noticeable difference 
between the Inflexible and the Colossus is the absence in the 
Colossus of the raised, undulatin!!,', and peculiar form of the 
upper deck, which was adopted 10 the Inflexiule to afford 
protection to the loading arrangements. In the new ship 
the surface of the deck will be comparatively level. the 
loading, which will be accomplished by hydraulic power, 

taking place in the citadel itself. These arrangements are 
the result of the change from muzzle to breech loaders. The 
hydraulic gear, which is being constructed by the Elswick 
firm, will be designed to raise a trough containing the am
munition and projectiles, and is fitted flush with the main 
deck. When the trough is elevated to its proper height to 
meet the lowered breech of the gun, impulse will be given 
to the rammer and the charge tbrust into the chamber, after 
which the trough will descend and form part of the deck. 
The ship will be provided with two Whitehead torpedo 
tubes. These are placed on each side of the citadel under 
protection of the side armor, the projectiles being discharged 
above the water line. Instead of the armored cross as fitted 
on board the Inflexible, a V shaped armor tower, twelve 
inches thick, will be erected. This will be connected to the 
lower portion of the hull by means of an armored trunk six 
inehes thick. The Colossus possesses cork belt coffer dams, 
and the Watt's water chambers, the purpose of which is to 
quell rolling, have also recently been fitted. those in the In
flexible havi ng proved very satisfactory_ Although supplied 
with a COUVle of masts, the turret ship will not carry sail, the 

masts being mainly for the purpose of hoisting boats in and is held by three bearings with metallic bu�hings. One of the 
out. The after mast. will be adapted to lift and stow second frames carries a steam cl'iinder wbich has a diameter of 0'4 
class torpedo boats. No definite arrangements for the electric of a meter, and a travel'of 0'0 of a meter. The opening in 
lighting of the ship have yet been made, but in all proba- the frame at the level of the blades is 0'7 of a meter, 
bi1ity incandescent lamps will be used. A great boon will which is sufficient to permit of the cutting of large platl'g, 
be afforded to the officers by the circumstance that the cabins the maneuver being facilitated by a space of 3 5 meters left 
are placed in the superstructure, where they will be well between the uprights. The workmen can move about easily 
lighted and ventilated in all weathers. The bottom of the i and cut the pieces in any direction. 
ship i� coated on the starboard side with Dr. Sim's composi- ! Small shears are arrauged at one end of the frame for 
tion, and on the port side with that of the Maritime com- i clipping the waste pieces. This apparatus, which has 0'3 
pany, usually known as Hay's composition. The propelling of a meter blades with a travel of 0'06 of a meter, is capable 
engines, nearly the whole of which with the boilers have of cutting plates as thick as 33 millimeters, and is provided 
been received at Portsmouth, are manufactured by Messrs. with a disengaging gear worked by a lever. The macbine 
Maudslay, Sons & Field. They consist of two sets of com- is 4'5 meters in height and requires a space of 20 �quare 
pound engines, with inverted cylinders, and will be placed meters. 
10 separate engine compartments, divided by the midship The manufacturers are Messrs. Breuer, Schumacher & 
bulkhead, thus forming a set of starboard and port engines Co., of Kolk, near Cologne. 
givin� motion to their respective propellors. There is only ========= 
one funnel. Immense pumping power, as well as Fried
man's ejectors, will be provided to free the ship of water. 
After the launch, the Colossus was taken alongside the yard 
for survey, after which she will be placed in the fitting basin 
to receive her machinery.-Marine Engineer. 

LARGE PLATE-SHEARS. 
THE shears usually met with in iron-plate rolling mills 

have long blades. These offer very serious disadvantages: 

LARGE PLATE·SHEARS 

(1) The workmen who guide the plates at the two ex
tremities are at same distance from each other, and have 
much trouble in keeping the direction true; (2) the motive 
power must be con<;iderable, and (3) there is required a 
great consumption of steam, and, at times there occurs a 
breakage of tbe frame. 

The shears which we represent in the accompanying en
graving have short blades, which measure 0'7 of a meter. 
This machine, actuated with a velocity much greater than 
that communicated to tools with long blades, is capable of 
cutiing the same number of plates in the same time. 
8traight lines can be cut with it with great precision, and 
rollllf1. 01' oval cutting may be performed equally well. The 
apparatus is so const.ructed as to permit iron plates to be 
cut in both longitudinal and transverse directions. 

The two frames, which are hollow, are of cast-iron, and 
connected by three riveted braces, and by three heavy cast
iron trusses which serve as RUPPOrts for the bearings of the 
main shaft. The gearing wheels are of chilled iron, with a 
pitch of 105 mm., and with teeth 300 mm. ill width. They 
produce no vibration. The shaft, which is of forged steel, 
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THE PENNSYLVANIA STEEL COMPANY. 
THE following paper was read by L. S. Bent, superinten

dent, before the Harrisburg meeting of the American Insti
tute of Mining Engineers: 

The works of this company, the largest in Harrisburg, lie 
between the Pennsylvania and the Philadelphia aud Reading 
Railroad, on the Pennsylvania Canal, and are essentially 
devoted to the manufacture of Bessemer steel rails. Capital 
stock $2,000,000; invested in busimiss, $5,000,000; wages 

per month, $80,000; employs 2,000 men; capacity, 100,000 
tons of rails per year, which is being increased to 1aO,OOO 
tons. 

The plant, as it now stands, comprises five Bessemer con
verters, two 7-ton and three 8-ton converters, two 15-ton 
open-hearth furnaces in operation, and two aO-ton open
hearth furnaces in course of construction, one blooming mill, 
one rail mill, seven steam hammers, two blast furnaces in 
operation, two blast furnaces in course of COllstruction, foun
dry, pattern shop, machine shop, blacksmith shop and frog 
shop, and merchant mill in course of construction. 

Bessemer No.1 was built in 1865, with two 7-ton convert
ers, two spiegel cupolas,. a ft. diameter, and three iron cupolas 
6' 6" diameter, and Las a capacity of 500 tons in 24 hours. 
The blowing engine is a horizontally condensing engine, 
with two steam cylinders, 40"x60". and two blowing cylin
ders, 54"x60"_ Pressure of blast, from 20 to 25 pounds. 

Bessemer No.2 was built in 1881. It has three 8-ton con
verters, served by two hydraulic ladle cranes, in two casting 
pits, and six hydraulic cranes for settin� and drawing mould�, 
handling bottoms, etc. The hydraulIc pressure is 300 lb. 
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